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Description 

DIGITAL DC-DC CONVERTER USING DIGITAL 

MODULATION 

Technical Field 

[1] The present invention relates to a digital DC-DC converter using digital 

modulation, and more particularly to a digital DC-DC converter using digital 
modulation, which is implemented using first-order delta-sigma modulation, rather 
than A/D conversion, thereby reducing the proportion of analog circuitry and 
increasing the proportion of digital circuitry in the total circuitry of the digital DC-DC 
converter, so that the circuitry of the digital DC-DC converter is simplified and it is 
also easy to design the circuitry, thereby increasing the efficiency of the digital DC-DC 
converter. 

Background Art 

[2] In order to operate normally, most modern electronic devices require a constant 

voltage supply. Digital DC-DC converters are generally used to supply constant DC 
voltage to circuits such as Very Large Scale Integrated (VLSI) circuits or system- 
on-chip circuits. 

[3] Digital DC-DC converters convert an analog voltage output through an output 

terminal to a digital output voltage, and then compare the digital output voltage with a 
preset reference voltage to adjust the output voltage to a desired level. To accomplish 
this, digital DC-DC converters typically use a Pulse Width Modulation (PWM) 
controller as shown in Fig. 1. 

[4] Fig. 1 is a block diagram of a conventional digital DC-DC converter. 

[5] The conventional digital DC-DC converter shown in Fig. 1 is a PWM digital DC- 

DC converter, which includes a power switch 1 10, a rectifier 120, an A/D converter 
130, a duty up/down determinator 140, and a PWM duty controller 150. The switch 
110 switches on/off an input voltage Vin according to an input switching signal, and 
the rectifier 120 rectifies a voltage output from the power switch 1 10. The A/D 
converter 130 converts an analog output voltage Vout of the rectifier 120 to a digital 
signal, and the duty up/down determinator 140 determines duty up/down based on the 
digital signal from the A/D converter 130. The PWM duty controller 150 controls 
switching of the power switch 1 10 for duty control based on the duty up/down de- 
termination signal from the duty up/down determinator 140. 

[6] The conventional DC-DC converter typically employs a digital scheme using a 

flash A/D converter, and adjusts the output voltage Vout by comparing it with a 
reference voltage. 
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[7] Since the output voltage Vout of the DC-DC converter is analog, the DC-DC 

converter uses the A/D converter 130 for interfacing with the digital components such 
as the up/down determinator 140 and the PWM duty controller 150. A flash A/D 
converter is typically used as the A/D converter 130. 

Disclosure of Invention 

Technical- Problem 

[8] However, since the flash A/D converter requires complex analog circuitry, the 

overall circuitry of the conventional DC-DC converter is complicated, which makes it 
difficult to design and implement the circuitry thereof and causes high power 
consumption. 

[9] Therefore, the present invention has been made in view of the above problems, and 

it is an object of the present invention to provide a digital DC-DC converter using 
digital modulation, which is implemented using first-order delta-sigma modulation, 
rather than A/D conversion, thereby reducing the proportion of analog circuitry and 
increasing the proportion of digital circuitry in the total circuitry of the digital DC-DC 
converter, so that the circuitry of the digital DC-DC converter is simplified and it is 
also easy to design the circuitry, thereby increasing the efficiency of the digital DC-DC 
converter. 

Technical- Solution 

[10] In accordance with the present invention, the above and other objects can be ac- 

complished by the provision of a digital DC-DC converter using digital modulation, 
comprising a PWM generator for converting an input DC voltage to a DC voltage of a 
preset level according to an input PWM signal; a conversion portion for converting the 
DC voltage output from the PWM generator to a voltage of a preset level; a delta- 
sigma modulator for converting a feedback voltage Vfd corresponding to the output 
voltage of the conversion portion to a 1-bit digital voltage according to a preset 
reference voltage; a counter for counting logic l's included in 1-bit digital voltage 
signals output from the delta-sigma modulator on a predetermined bit-unit basis; and a 
delay controller for controlling a high-level delay time according to the number of 
logic l's counted by the counter, and transferring a PWM signal having the controlled 
high-level delay time to the PWM generator. 

Advantageous Effects 

[11] The digital DC-DC converter is implemented using first-order delta-sigma 

modulation, rather than A/D conversion, thereby reducing the proportion of analog 
circuitry and increasing the proportion of digital circuitry in the total circuitry of the 
digital DC-DC converter, so that the circuitry of the digital DC-DC converter is 
simplified and it is also easy to design the circuitry, thereby increasing the efficiency 
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of the digital DC-DC converter. 

Description Of Drawings 

[12] The above and other objects, features and other advantages of the present invention 

will be more clearly understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

[13] Fig. 1 is a block diagram of a conventional digital DC-DC converter; 

[14] Fig. 2 is a block diagram of a digital DC-DC converter according to the present 

invention; 

[15] Fig. 3 is a circuit diagram of a first-order delta-sigma modulator shown in Fig. 2; 

[16] Fig. 4 is a diagram showing the waveforms of first and second non-overlapping 

clock signals having two phases; 
[17] Fig. 5 is a characteristic diagram of the output voltage Vout of the DC-DC 

converter according to the present invention when a reference voltage Vref is fixed; 

and 

[18] Figs. 6a and 6b are characteristic diagrams of the output voltage Vout of the DC- 

DC converter according to the present invention when the reference voltage Vref is 
abruptly changed. 

Best Mode 

[19] Now, preferred embodiments of the present invention will be described in detail 

with reference to the annexed drawings. 
[20] Fig. 2 is a block diagram of a digital DC-DC converter according to the present 

invention. 

[21] As shown in Fig. 2, the digital DC-DC converter according to the present invention 

comprises a PWM generator 210, a converter 220, a delta-sigma modulator 230, a 
counter 240, and a delay controller 250. The PWM generator 210 converts an input DC 
voltage to a DC voltage of a preset level according to an input PWM signal. The 
converter 220 converts the DC voltage output from the PWM generator 210 to a 
voltage of a preset level. The delta-sigma modulator 230 converts a feedback voltage 
Vfd, which corresponds to the output voltage Vout of the converter 220, to a 1-bit 
digital voltage Vo according to a preset reference voltage Vref. The counter 240 counts 
logic l's included in 1 -bit digital voltage signals Vo output from the delta-sigma 
modulator 230 on a predetermined bit-unit basis . The delay controller 250 controls a 
high-level delay time according to the number of logic l's, which is counted by the 
counter 240, and transfers a PWM signal having the controlled high-level delay time to 
the PWM generator 210. 

[22] Fig. 3 is a circuit diagram of a first-order delta-sigma modulator 230 shown in Fig. 

2. 
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[23] As shown in Fig. 3, the delta-sigma modulator 230 comprises a switched capacitor 

portion 231, an integrator 232, a comparator 233, and a D/A converter 234. The 
switched capacitor portion 231 is switched according to first and second non- 
overlapping clock signals SCI and SC2 having two phases, so as to sample each of the 
feedback voltage Vfd and an output voltage VA of the D/A converter 234. The 
integrator 232 integrates each of the voltages sampled by the switched capacitor 
portion 231. The comparator 233 compares a voltage output from the integrator 232 
with a preset reference voltage Vref , and outputs a 1 -bit digital voltage Vo having a 
logic state of "1" or "0". The D/A converter 234 converts the digital voltage Vo output 
from the comparator 233 to a preset analog voltage VA according to the logic state of 
the digital voltage Vo, and transfers the analog voltage VA to the switched capacitor 
portion 231. 

[24] The delta-sigma modulator 230 is implemented as a first-order delta-sigma 

modulator, which outputs a 1-bit digital voltage signal of "1" or "0" and has the same 
function as the conventional 1-bit A/D converter for converting an input analog voltage 
to a digital voltage. 

[25] Fig. 4 shows the waveforms of the first and second non-overlapping clock signals 

SCI and SC2 having two phases. The first clock signal SCI is composed of pulses 
with a duty ratio less than 50%, and the second clock signal SC2 is also composed of 
pulses with a duty ratio less than 50%. The second clock signal SC2 is at high level 
when the first clock signal SCI is at low level, so that the first and second clock signals 
SCI and SC2 do not overlap. 

[26] As shown in Fig. 3, the switched capacitor portion 231 comprises a capacitor CI, a 

first switch SW1, a second switch SW2, a third switch SW3, and a fourth switch SW4. 
The first switch SW1 is turned on/off according to the first clock signal SCI to se- 
lectively connect the capacitor CI with an input terminal of the switched capacitor 
portion 231 through which the feedback voltage Vfd is received. The second switch 
SW2, which is connected with the first switch SW1 via the capacitor CI, is turned on/ 
off according to the first clock signal SCI to selectively connect the capacitor CI with 
the reference voltage Vref. The third switch SW3 is turned on/off according to the 
second clock signal SC2 to selectively connect a connection node between the first 
switch SW1 and the capacitor CI with the output of the D/A converter 234. The fourth 
switch SW4 is turned on/off according to the second clock signal SC2 to selectively 
connect the capacitor CI with an output terminal of the switched capacitor portion 231, 
which is connected with the integrator 232. 

[27] If the digital voltage Vo output from the comparator 233 has a logic state "1", the 

D/A converter 234 converts the output digital voltage Vo to a preset negative analog 
voltage -VA, and transfers it to the switched capacitor portion 231. If the digital 
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voltage Vo output from the comparator 233 has a logic state "0", the D/A converter 
234 converts the output digital voltage Vo to a preset positive analog voltage +VA, and 
transfers it to the switched capacitor portion 23 1. 

[28] The operation and advantages of the digital DC-DC converter according to the 

present invention will now be descried in more detail with reference to the drawings. 

[29] As shown in Fig. 2, the PWM generator 210 in the digital DC-DC converter 

according to the present invention converts an input DC voltage Vin to a DC voltage of 
a preset level according to an input PWM signal. Specifically, an internal power switch 
in the PWM generator 210 is turned on or off according to the PWM signal, and the 
Input DC voltage Vin is converted to a DC voltage of a preset level according to the 
on/off operation of the internal power switch. 

[30] The converter 220 according to the present invention converts the DC voltage 

output from the PWM generator 210 to a voltage of a preset level. For example, the 
converter 220 can be implemented as a buck converter or a boost converter. If the 
converter 220 is a buck converter, it steps the DC voltage output from the PWM 
generator 210 down to a voltage of preset level. On the other hand, if the converter 220 
is a boost converter, it steps the DC voltage output from the PWM generator 210 up to 
a voltage of preset level. 

[31] The delta-sigma modulator 230 according to the present invention converts a 

feedback voltage Vfd, which corresponds to the output voltage Vout of the converter 
220, to a 1-bit digital voltage Vo according to a preset reference voltage Vref, which is 
described in detail below with reference to Figs. 3 and 4. 

[32] As shown in Figs. 3 and 4, the switched capacitor portion 231 in the delta-sigma 

modulator 230 is switched according to first and second non-overlapping clock signals 
SCI and SC2 having two phases, so as to sample each of the feedback voltage Vfd and 
an output voltage VA of the D/A converter 234 and then to transfer each of the 
sampled voltages to the integrator 232. 

[33] The switched capacitor portion 231 is described in more detail below. 

[34] As shown in Fig. 4, each of the first and second clock signals SCI and SC2 has two 

phases, i.e., high and low levels. High level portions of the first and second clocks 
signals do not overlap and low level portions thereof also do not overlap. 

[35] The first and second switches SW1 and SW2 are turned on according to the first 

clock signal SCI, so that the switched capacitor portion 231 operates in sampling mode 
in which it samples an input voltage. The third and fourth switches SW3 and SW4 are 
turned on according to the second clock signal SC2, so that the switched capacitor 
portion 23 1 operates in integrating mode in which it transfers the sampled voltage to 
the integrator 232 so that the sampled voltage is integrated in the integrator 232. 

[36] First, while the first and second switches SW1 and SW2 are turned on according to 
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the first clock signal SCI, the third and fourth switches SW3 and SW4 are turned off. 
In this state, the switched capacitor portion 23 1 operates in sampling mode, in which a 
capacitor C2 of the integrator 232 is in hold state with the feedback voltage Vfd being 
applied to the integrator 232 via the capacitor CI. 
[37] Next, while the third and fourth switches SW3 and SW4 are turned on according to 

the second clock signal SC2, the first and second switches SW1 and SW2 are turned 
off. In this state, the switched capacitor portion 231 operates in integrating mode, in 
which a charge stored in the capacitor CI flows to the capacitor C2 of the integrator 
232. 

[38] The integrator 232 integrates the voltage sampled by the switched capacitor portion 

231, and outputs the integrated voltage to the comparator 233. 

[39] The comparator 233 can be implemented as a 1-bit comparator, which converts an 

analog voltage output from the integrator 232 to a digital voltage. Specifically, if the 
output voltage of the integrator 232 is higher than a preset reference voltage Vref, the 
comparator 233 outputs a logic state "1", and if it is lower than the reference voltage 
Vref, the comparator 233 outputs a logic state "0". That is, the comparator 233 outputs 
a 1-bit digital voltage Vo with a logic state "1" or "0" according to the output voltage 
of the integrator 232. 

[40] The D/A converter 234 converts the digital voltage Vo output from the comparator 

233 to a preset analog voltage VA according to the logic state of the digital voltage Vo, 
and transfers the analog voltage VA to the switched capacitor portion 231. 

[41] Specifically, if the digital voltage Vo output from the comparator 233 has a logic 

state "1", the D/A converter 234 converts the output digital voltage Vo to a preset 
negative analog voltage - VA, and transfers it to the switched capacitor portion 231. If 
the digital voltage Vo output from the comparator 233 has a logic state '0', the D/A 
converter 234 converts the output digital voltage Vo to a preset positive analog voltage 
+VA, and transfers it to the switched capacitor portion 231. 

[42] In Fig. 2, the counter 240 according to the present invention counts logic l's 

included in 1-bit digital voltage signals Vo output from the delta-sigma modulator 230 
on a predetermined bit-unit basis. For example, if the delta-sigma modulator 230 
outputs an 8-bit sequence '1,0,1,0,1,0,1,0', an analog voltage corresponding to the 
output of the delta-sigma modulator 230 is given by Equation 1 under the assumption 
that a voltage corresponding to logic "1" is "3V", and a voltage corresponding to logic 
"0" is "0V". 

[43] [Equation 1] 

[44] 
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(l+0 + l + 0 + l + 0+l + 0)x3^ _ 12 

[45] In addition, if the output of the delta-sigma modulator 230 has an 8-bit value 

"1,0,0,0,1,0,1,0", an analog voltage corresponding to the output of the delta-sigma 
modulator 230 is given by Equation 2. 

[46] [Equation 2] 

[47] 

(l + 0+0 + 0 + l + 0 + l + 0)x3^ _ 9 _ 

8(bi£s) 8 

[48] If the input voltage of the delta-sigma modulator 230 is near the reference voltage 

Vref, its output voltage signal Vo has a repeating bit pattern of "1,0,1,0...". If the input 
voltage of the delta-sigma modulator 230 is higher than the reference voltage Vref, its 
output voltage signal Vo has a larger number of logic l's in the bit pattern, whereas if 
the input voltage of the delta-sigma modulator 230 is lower than the reference voltage 
Vref, its output voltage signal Vo has a smaller number of logic 0 f s in the bit pattern. 

[49] The delay controller 250 according to the present invention controls a high-level 

delay time according to the number of logic l's, which is counted by the counter 240, 
and transfers a PWM signal having the controlled high-level delay time to the PWM 
generator 210. 

[50] Fig. 5 is a characteristic diagram of the output voltage of the DC-DC converter 

according to the present invention when the reference voltage Vref is fixed. 

[51] This figure shows a simulation result of the DC-DC converter when the reference 

voltage Vref is fixed to 0.5V. It can be seen from Fig. 5 that the output voltage Vout of 
the DC-DC converter according to the present invention is stabilized to "0.5V" in a 
short time with almost no overshoot, as compared to the conventional digital converter. 

[52] Fig. 6b is a characteristic diagram of the output voltage of the DC-DC converter 

according to the present invention when the reference voltage Vref is changed as 
shown in Fig. 6a. 

[53] Figs. 6a and 6b show a result of a simulation of the DC-DC converter according to 

the present invention, which is performed to check how stably the digital DC-DC 
converter responds to the reference voltage Vref when the reference voltage Vref is 
abruptly changed. It can be seen from Fig. 6b that the output voltage Vout of the DC- 
DC converter according to the present invention very stably follows the reference 
voltage Vref even when the reference voltage Vref is abruptly changed from 1.0V -> 
1.5V -> 1.2V as shown in Fig. 6a. 
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[54] As described above, according to the digital DC-DC converter according to the 

present invention, if the output voltage Vout is higher than the reference voltage Vref, 
the delta-sigma modulator 230 outputs a digital voltage signal having a larger number 
of logic l's, so that the counter 240 counts a larger number of logic l's. On the 
contrary, if the output voltage Vout is lower than the reference voltage Vref, the delta- 
sigma modulator 230 outputs a digital voltage signal having a larger number of logic 
0's, so that the counter 240 counts a smaller number of logic l's. The digital DC-DC 
converter repeats this operation so that the output voltage Vout becomes equal to the 
reference voltage Vref, which allows stable voltage supply to the system. 

[55] As is apparent from the above description, the present invention provides a digital 

DC-DC converter using digital modulation, which is implemented using first-order 
delta-sigma modulation, rather than A/D conversion, thereby reducing the proportion 
of analog circuitry and increasing the proportion of digital circuitry in the total 
circuitry of the digital DC-DC converter, so that the circuitry of the digital DC-DC 
converter is simplified and it is also easy to design the circuitry, thereby increasing the 
efficiency of the digital DC-DC converter. 

[56] Although the preferred embodiments of the present invention have been disclosed 

for illustrative purposes, those skilled in the art will appreciate that various modi- 
fications, additions and substitutions are possible, without departing from the scope 
and spirit of the invention as disclosed in the accompanying claims. 



8 



